Exact sequences connecting oriented and unoriented cobordism groups of Poincare duality spaces, analogous to Rohlin's and Wall's exact sequences in differential and piecewise linear categories, are established and characterisation of elements of Poincare cobordism groups (both oriented and unoriented) in terms of spherical characteristic numbers and index are given.
Introduction (Notations and Main results).
By a Poincare duality space we will mean a finite complex satisfying Poincare duality with local coefficients in the sense of [27] . Corresponding to each P. D. space X n of dimension n, there is a fc-spherical fibration v\ (A: > n, i.e., vx is a stable fibration) unique up to fibre homotopy equivalence, and a commutative diagram:
where JBG : E(JBG) -• BG is the stable universal unoriented spherical fibration and / is the classifying map of v x . Let γgsc '-E(YBSG) -* BSG be the stable universal oriented spherical fibration (BSG is obtained from BG by killing the first Stiefel-Whitney class). If vx can be classified by YBSG then we call X an oriented P.D. space. We now define various Poincare cobordism groups. Suppose T(η) denotes the Thorn space of fibration η (see [2, 10] 9 of M to an integral class; that is, the following diagram is commutative (up to homotopy):
There are natural maps, We are now in a position to state our main theorems: The main obstacle in the transition from DIFF to P. D. is the absence of transversality principle in the latter category. Levitt's exact sequence [12] measures with sufficient precision this failure of transversality principle in P. D.. So our main task is to examine Levitt's sequence closely while considering Poincare cobordism groups of dimension n > 3. For n = 1, 2 direct arguments using classification of Poincare duality spaces of dimensions 1, 2 of [26 , 9] give us the required results.
The paper is arranged as follows: In § 1 we prove Theorem (A) for n = 1,2. In §2 we recall Levitt's exact sequence and prove a fundamental lemma (2.3). In §3 we prove Theorem (A) for n ψ 3 (mod4), n > 3. In §4 we prove Theorem (A) for n = 3 (mod 4). I am indebted to the referee for his invaluable comments and suggestions, especially in selecting a suitable definition of JV PD . (Eckmann & others) [9] . A two-dimensional P. D. space is homotopy equivalent to a closed surface of genus > 0.
Proof of Theorem
With reference to the above theorems we can proceed to prove Theorem (A) for n = 1, 2. The same kind of proof can be given for both n = 1 and 2. We instead prefer to give different kinds of proofs for n = 1 and for n = 2. This sequence is natural with respect to the morphisms
E(η) -±-+ E{rf)
B -£-> 5' This means that the following diagram is commutative:
(see e.g. [2] ). We specialize to the case when
T(g) = r. The proof of Theorem (A) for n > 3 will be based on an examination of (2.2) in the case when (2.3) holds and on the following fundamental lemma:
is exact at the middle term.
Proof. Since π*(MG) is a Z/2-module (see [4] ) the image of 2 is contained in the kernel of T(b)*. Conversely, suppose x e π n {MSG) satisfies T(b)*{x) = 0. We have to show that x is divisible by 2. It is known from [4, 16] that MSG is homotopy equivalent to a wedge of Eilenberg-Mac Lane spectra, and the π*(MSG) are finite abelian groups whose 2 torsion parts are isomorphic to the homotopy groups of products of Eilenberg-Mac Lane spaces of type (Z/2 r <, /ι, ). That is, there is an isomorphism (with reference to the homotopy equivalence, say /, mentioned above): III. n = 2 (mod 4), n > 3. In this case (3.1) and (3.2) give:
By a result of [2] , π^^AfSGr) -^ ^+2(0) = Z/2 is surjective. So by exactness P is an isomorphism. Hence again Theorem (A) follows from Lemma (2.4) for n = 2 (mod 4).
Thus we have proved Theorem (A) for n φ 3 (mod 4).
Proof of Theorem (A) for n = 3 (mod 4)
. We first prove the following proposition essentially due to Browder and Brumfiel [3] Proof. We first show that π^MSG) -Z/2. For this consider the homotopy exact sequence of the pair (MSG, Af 5Ό). Using the fact that πi(MSO) = 0 for i = 1, 2, 3 and π x {MSG) = 0 we get that π 2 {MSG) = π 2 
(MSG, MSO). From the relative Hurewicz theorem we have π 2 (MSG, MSO) = H 2 (MSG, MSO; Z). Using the Thorn isomorphism we get that H 2 (MSG, MSO; Z) £ H 2 (BSG, BSO; Z).
Again from the relative Hurewicz theorem we have
H 2 (BSG, BSO; Z) ^ π 2 (BSG, BSO).

Now, comparing the homotopy exact sequence of the pair (BSG, BSO) and that of the fibration
G/O -+ BSO -> BSG
we get π 2 (BSG, BSO) ^ n x {G/O) = 0 (see [22] ). A similar procedure will give us that π 3 (MSG) = z/2.
We have thus proved (4.1) for k = 0. We claim that the truth of (4.1) for k = 0 implies truth of (4.1) for all k > 0. For, note that the Whitney join of spherical fibrations gives rise to a map μ : MSG Λ MSG -+ MSG and in particular to a map μ : MSG Λ MSO -+ MSG.
Using the product formula for the transversality obstruction σ: π*(MSG) -• Z/2, as given in [7] , we get the following commutative diagram: 
Proof. For n = 1 (mod 4) P n is trivially injective. For «ΞO,2 (mod 4) obstruction to transversality homomorphisms
are given by cohomology classes 3£ and -5 s7 of Brumfiel-Morgan [7] and σ is nonzero by [10, Prop. 5.2].
For n = 3 (mod 4) we note that
is given by the composite
(see p. 33] ) and that σ is nonzero (refer to §4). Also from the exact sequence 
Let JC e N* Ό -. Look at 9 o P(x). For (n -1) φ 0, 3 (mod 4), P is an isomorphism, so 3 a unique y e ΏζP{ s.t. P(y) = d o P(χ). Define 
(x)=s(doP(χ)).
For (n -1) = 0 (mod4) lower horizontal sequence of (5.3) has the form
where F is a torsion group (see ) where /(I) = ([8(CP  2 ) 7 ], 0), 4/ = n -1 Z summand of Z φ f is generated by
Since P/F: F -^ F is identity we get a unique element y G Ω^ such that P(y) = π 2 dP(x). Define 
3>; G π n+k _ x {MSG{h -1)) such that r(j/) = P{x). Now P : Ω£ D -• π n +ι_ι(MSG(k -1)) is onto for « ^ 3 (mod4). So for these «3ze Ωjj 
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For n = 3 (mod 4) we appeal again to [7, p. 33 ] to get that σ{y) = a o r(y) = σ(P(x)) = 0 from (5.1).
So y is in the image of P so 3z e Ω^D with P(z) = y. So r(z) = x as earlier.
7. Characterization of elements of Poincare cobordism groups. In this section we shall prove Theorem (C) and Theorem (D). For this we shall first prove the following propositions. Proof of Propositions (7.1) and (7.2). Note first that since MG and MSG are of the same homotopy type as wedges of EilenbergMac Lane spectra [4] , [16] (MG(k) )) is Poincare transversal in the sense of [2] . Then a = [/] is in the image of the Pontrjagin homomorphism P: Ω^D -• π n+k (MSG(k)) (respectively P: N™--+ π n + k (MG{k))).
